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proteins, as previously suggested
for the binding of other cytosolic
factors [9,10]. Hence, whilst the
interpretation of earlier studies was
complicated by differences in the
behaviour of particular tail-
anchored proteins, most notably
cytochrome b5, there is now good
evidence for multiple pathways of
tail-anchored protein biosynthesis
thatmay be used to varying extents
depending on the precursor under
study [1,2,14] (Figure 1). In
contrast to its inhibition of
tail-anchored protein integration,
the dominant-negative
Asna-1/TRC40 mutant was shown




targeting of tail-anchored proteins
to the ER occurs entirely
independently of the well-defined,
SRP-dependent co-translational
pathway [11].
In addition to the identification of
the Asna-1/TRC40 protein as
a novel cytosolic chaperone, an
exciting feature of the study by
Stefanovic and Hegde is the
possibility that Asna-1/TRC40
binds to a specific ER-localised
receptor (Figure 1), and the
suggestion that this interaction is
pivotal to an ATP-dependent,
Asna-1/TRC40-mediated pathway
[11]. The putative role of ER
membrane components in
mediating the biogenesis of
tail-anchored proteins has been
contentious, to say the least
[5–8,15,16]. Hence, any progress in
understanding events at the
membrane will be most welcome.
An obvious caveat to most of the
studies outlined above is their
reliance on in vitro systems that are
specifically designed to artificially
separate the synthesis of a
tail-anchored protein from its
subsequent delivery to the ER
membrane — a situation that may
not accurately reflect the process
occurring in a typical eukaryotic
cell. These in vitro approaches
have now implicated three different
cytosolic complexes in the delivery
of tail-anchored proteins to the ER,
namely the SRP [10], Hsc70–Hsp40
[9] and Asna-1/TRC40 [11]. These
components provide an obvious
starting point for future studies
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Non-canonical, b-catenin-independent Wnt signaling regulates cell
polarization and movements. A recent study reveals that casein kinase
I3 mediates an additional novel non-canonical Wnt pathway via the
activation of the Rap1 GTPase during vertebrate gastrulation.Raymond Habas1 and Xi He2
Understanding the dynamic
processes by which cytoskeletal
architecture and cell adhesion are
coordinated during cell migration
remains a challenge for biologists.
Signaling by the secreted Wnt
family of proteins plays critical
roles during animal development.
Some essential functions of Wnt
signaling are transduced via the
so-called ‘non-canonical’pathways, which are independent
of the transcriptional function of
b-catenin, and instead often
modulate the actin cytoskeleton
and cell adhesion. Non-canonical
Wnt signaling is required for cell
polarization and motility during
vertebrate gastrulation and neural
fold closure [1,2], and defects in
this branch of the pathway have
been implicated in common
human birth defects such as




is still poorly resolved.
During canonical Wnt/b-catenin
signaling, binding of Wnt ligands
to a complex composed of the
Frizzled (Fz) receptor and the
co-receptor LRP5/6 activates the
cytoplasmic Dishevelled (Dsh/Dvl)
protein, leading to the stabilization
of b-catenin, which activates gene
expression in the nucleus [4].
Casein kinase I (CK1) family
members have both positive and
negative roles in Wnt/b-catenin
signaling [5]. Particularly, CK13
may phosphorylate Dsh/Dvl and
activate this branch of the Wnt
pathway (Figure 1). The planar cell
polarity (PCP) pathway, which was
genetically defined in Drosophila
[1], represents one type of
non-canonical Wnt signaling [6].
Wnt/PCP signaling is essential for
vertebrate gastrulation and is
mediated through Fz and Dsh/Dvl
independently of LRP5/6 [2].
Although many of the PCP
components appear to be involved
in positive and negative feedback
loops that govern the polarized
localization of Fz, Dsh/Dvl and
these components themselves [1],
two independent and parallel
pathways downstream of Dsh/Dvl
lead to the activation of the small
GTPases RhoA and Rac. The first
of these pathways signals to the
small GTPase RhoA through the
molecule Daam1 [7] and results in
the activation of the Rho
associated kinase Rock and
subsequent cytoskeletal
re-organization [1,8]. The second
pathway activates another small
GTPase of the Rho-family, Rac,
which in turns stimulates JNK
activity [2,9] (Figure 1). The small
GTPase CDC42 is also known to
influence cell movements during
vertebrate gastrulation but its
relationship to the Wnt/PCP or
other non-canonical pathways
remains to be clarified [6].
Analogous to the multiple
functions of CK1 kinases in Wnt/
b-catenin signaling [5], CK1 may
also have a number of roles in
non-canonical Wnt pathways.
Overexpression of different CK1
members perturbs Xenopus
gastrulation [10]; overexpression
of CK13 inhibits JNK activation by
Dvl, leading to the suggestion thatDsh
CK1
Nucleus




















Figure 1. Branches in the Wnt-signaling pathways.
(A) During canonical Wnt signaling, Wnt stimulation through the Fz receptor and LRP5/
6 co-receptor complex activates Dsh/Dvl, and inhibits the degradation of cytosolic
b-catenin, which translocates into the nucleus to complex with Lef/Tcf family members
to regulate transcription. CK13 may phosphorylate Dsh/Dvl and stimulate its activity.
(B) During non-canonical Wnt signaling, Wnt stimulation through the Fz receptor acti-
vates Dsh/Dvl which then induces the activation of the small GTPases RhoA via Daam1
and Rac via an unknown mechanism. Wnt/Fz signaling promotes CK13 phosphoryla-
tion and degradation of SIPA1L1, leading to a rise in the level of activated Rap1 [14].
CK13may also phosphorylate Dsh/Dvl to regulate RhoA and/or Rac activation. Integra-
tion of RhoA, Rac and Rap1 signaling modulates the cytoskeleton and/or cell adhesion
for gastrulation movements.CKI3 may switch the specificity of
Dsh/Dvl from PCP to b-catenin
signaling [11]. However, recent
genetic studies inDrosophila argue
for an essential and positive role of
CK13 in Fz/PCP signaling, but it is
not clear whether this is mediated
via CKI3 phosphorylation of Dsh
[12,13]. In this light and also in
a broader context, a new study
[14] linking CK13 to the activation
of Rap1 GTPase during vertebrate
gastrulation is of significant
interest.
The Rap GTPases belong to the
Ras family and function in
a bimodal fashion with Rap-GTP
being the active and Rap-GDP
being the inactive form [15]. The
switch to Rap-GTP is catalyzed by
Rap-specific GEFs (guanine
exchange factors), including
Dock4, 3G3, Epac and PDZ-Gef1.
The inactivation of Rap, by
converting Rap-GTP to Rap-GDP,
is catalyzed by Rap-specific GAPs
(GTPase activating proteins),
such as Rap1-GAP, Spa1, andSPAR/SIPA1L1 [16]. There are
two members of the Rap
subfamily, Rap1 and Rap2, and
both are represented by two
homologous isoforms termed A
and B [15,16]. Studies of the Rap
GTPases have uncovered
a possible role for Rap2 in Wnt/
b-catenin signaling where it has
been proposed to regulate the
subcellular localization of Dsh/Dvl
[17]. Rap1 to date has been
implicated in cytoskeletal
functions, cell adhesion and cell
proliferation in response to various
extra-cellular stimuli [15].
In the new study reported in
Developmental Cell, Tsai and
colleagues [14] examine the role
of CK13 in gastrulation and unveil
a role for Rap1 in a novel
non-canonical Wnt signaling
pathway. They identified a GAP
for Rap1, termed SIPA1L1, as
a binding partner for CK13 and
observed that expression of CK13
together with SIPA1L1 resulted in
a marked decrease in the
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Further tests revealed that CK13
phosphorylates SIPA1L1 and
targets this protein for
degradation. Thus, removal of
SIPA1L1 increases the activity of
Rap1. They further demonstrated
that Wnt stimulation via CK13
down-regulates the amount of
SIPA1L1 and therefore increases
the levels of activated Rap1
(Figure 1). In both Xenopus and
zebrafish embryos, loss of
function studies using either
dominant-negative or morpholino
antisense depletion approaches
uncovered a key role for both
SIPA1L1 and Rap1 in modulating
cell movements during gastrulation
independent of germ layer
specification and gene
transcription.
Thus, Tsai et al. [14] have
identified a novel Wnt-CK13-Rap1
pathway that is critical for
vertebrate gastrulation (Figure 1).
However, many issues remain
unresolved, some of which are
discussed here. First, how is Rap1
activated during gastrulation? Like
other GTPases, Rap1-GTP requires
the action of a Rap1-GEF, even if
the negative regulator, in this case
SIPA1L1, is downregulated.
Therefore, identification of the
Rap1-GEF and upstream agonists
during gastrulation remains crucial
for solving this puzzle. Potential
candidates might include receptor
tyrosine kinases, G-protein
coupled receptors, and cell
adhesion molecules such as
E-cadherin and integrin, which are
dynamically regulated during
gastrulation [18]. Related to this
issue, the GAP specificity of
SIPA1L1 towards Rap1 but not
Rap2 needs to be clarified,
particularly if Rap1 and Rap2 have
distinct functions in non-canonical
and canonical Wnt pathways,
respectively [14,17]. The second
question is which of the many
vertebrate Wnt ligands activates
CK13 to downregulate SIPA1L1
during gastrulation? Tsai et al. [14]
showed that Xenopus Wnt8 can
play such a role [14]. However, its
expression pattern and the
available data on Wnt8 function do
not argue for its involvement in
gastrulation movements. Wnt11
remains a likely candidate,
although this needs to beexperimentally established. It
should be noted that Tsai et al.’s
data [14] add Wnt8 to a growing
list of Wnts, including Wnt1,
Wnt3a, and Wnt11, that can
activate b-catenin as well as
non-canonical pathways,
suggesting again that the
classification of ‘canonical’ versus
‘non-canonical’ Wnts may not be
a general rule.
Third, as Rho and Rac have been
implicated in non-canonical Wnt
signaling pathways in the
regulation of vertebrate
gastrulation, what is the
relationship between Wnt-Rap1
and other non-canonical
pathways? What cellular aspects
does Wnt-Rap1 signaling regulate
during gastrulation? Rho and Rac
are activated downstream of
Dsh/Dvl, whereas Rap1 is activated
via CK13 apparently independent
of Dsh/Dvl — although this remains
an open question. Rap1 may
regulate E-cadherin-mediated
and/or integrin-mediated cell
adhesion, in addition to controlling
cytoskeletal architecture [15]. In
light of this, Wnt11 has been shown
during zebrafish gastrulation to
regulate E-cadherin-mediated
adhesion via governing its
endocytosis, a process that
depends onRab5, anothermember
of the small GTPase family [19].
Coordinated regulation of
different small GTPases by Wnts
is likely to be essential for the
dynamic control of cell adhesion
and cytoskeletal rearrangements
that are obligatory for gastrulation
movements. Therefore, it is no
surprise that so many genes have
been — and will be — implicated
in gastrulation. As these small
GTPases may or may not be
activated in the same cell at the
same time, a daunting challenge
will be to elucidate the temporal
and spatial pattern of activation
of these GTPases in the embryo.
Finally, is the Wnt-CK13-Rap1
pathway conserved in the PCP
signaling network? CK13 is
required for PCP in Drosophila and
controls polarized Dsh localization
[12,13], possibly by
phosphorylating Dsh directly or by
regulating cell adhesions indirectly.
Rap1 is also essential for adherens
junction assembly in Drosophila
epithelia [20], thus a possible roleof Fz-CK13-Rap1 in PCP signaling
deserves consideration. However,
as the mechanics of cell
behaviors are different for
Drosophila PCP — where cells
maintain relatively stable
neighbors — and vertebrate
gastrulation — where cells switch
neighbors constantly — it is
possible that the Wnt-Rap1
pathway may have functions
unique to vertebrate gastrulation.
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